Evolutionary analysis for functional divergence of Jak protein kinase domains and tissue-specific genes.
Jak (Janus kinase) is a nonreceptor tyrosine kinase, which plays important roles in signal transduction pathways. The unique feature of Jak is that, in addition to a fully functional tyrosine kinase domain (JH1), Jak possesses a pseudokinase domain (JH2). Although JH2 lost its catalytic function, experimental evidence has shown that this domain may have acquired some new but unknown functions. This apparent functional divergence after the (internal) domain duplication may result in dramatic changes of selective constraints at some sites. We conducted a data analysis to test this hypothesis. Our result shows that shifted selective constraints (or shifted evolutionary rates) between the JH1 and the JH2 domains are statistically significant. Predicted amino acid sites by posterior analysis can be classified into two groups: very conserved in JH1 but highly variable in JH2, and vice versa. Moreover, we have studied the evolutionary pattern of four tissue-specific genes, Jak1, Jak2, Jak3, and Tyk2, which were generated in the early stages of vertebrates. We found that after the (first) gene duplication, site-specific rate shifts between Jak2/Jak3 and Jak1/Tyk are significant, presumably as a consequence of functional divergence among these genes. The implication of our study for functional genomics is discussed.